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The root of Gentiana lutea L„ famous for its bitter properties, is often used in alcoholic bitter beverages, 
food products and traditional medicine to stimulate the appetite and improve digestion. This study pre¬ 
sents a new, fast, and accurate HPLC method using HPLC/ESI-MS and HPLC/DAD for simultaneous analysis 
of iridoids (loganic acid), secoiridoids (gentiopicroside, sweroside, swertiamarin, amarogentin) and xant¬ 
hones (isogentisin) in different populations of G. lutea L„ cultivated in the Monti Sibillini National Park, 
obtained wild there, or purchased commercially. Comparison of HPLC/ESI-MS and HPLC/DAD indicated 
that HPLC/ESI-MS is more sensitive, reliable and selective. Analysis of twenty samples showed that gen¬ 
tiopicroside is the most dominant compound (1.85-3.97%), followed by loganic acid (0.11-1.30%), isogen¬ 
tisin (0.03-0.48%), sweroside (0.05-0.35%), swertiamarin (0.08-0.30%), and amarogentin (0.01-0.07%). 
The results confirmed the high quality of the G. lutea cultivated in the Monti Sibillini National Park. 

© 2014 Elsevier Ltd. All rights reserved. 


1. Introduction 

Gentian (Gentiana lutea L.) is a widely distributed herbaceous 
species of the Gentianaceae family. It is native to the mountains 
of central and southern Europe, preferring calcareous soils, and is 
found naturally (wild) in France, Spain and the Balkan mountains. 
The plant is under wildlife protection in Europe, and is cultivated 
particularly in Germany and France. It is dried directly after the 
harvesting to avoid fermentation, which drastically reduces the 
extract content and leads to changes in colour (Blaschek et al., 
2006; European Medicines Agency (EMA), 2009; Hansel & 
Sticher, 2007). 

The root of G. lutea is famous for its bitter properties and is often 
used in alcoholic bitter beverages, food products and traditional 
medicine to stimulate the appetite and improve digestion (Carnat 
et ah, 2005; European Medicines Agency, 2009; Mustafa et ah, 
2014). This is mainly due to its content of bitter-tasting secoirid¬ 
oids, in particular swertiamarin, gentiopicroside, sweroside and 
amarogentin. The quality of gentian root is evaluated by assessing 
its content of gentiopicroside, a major bitter principle, which is 
strongly affected by the plant's developmental stage and its 
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environment, as well as the preparation process (Ando et ah, 
2007; Carnat et ah, 2005). 

Variations of levels of each compound of G. lutea are related to 
geographical origin, stage of development and age of roots. Some 
authors have reported an increase in gentiopicroside levels during 
plant growth, followed by a decrease after flowering until dehis¬ 
cence of fruits (Franz, Franz, Fritz, & Schultze, 1985; Rossetti, 
bombard, Sancin, Buffa, & Borgarello, 1981). Other authors have 
analysed gentiopicroside levels according to altitude, but reported 
conflicting results (Rossetti, bombard, Sancin, Buffa, & Menghini, 
1984; Schultze & Franz, 1979). Amarogentin levels were found to 
vary with the ecotype, from trace amounts to low percentages 
(Franz & Fritz, 1975; Sancin, Rossetti, bombard, Buffa, & banzone, 
1985). It has been observed that the levels of amarogentin and gen¬ 
tiopicroside changed inversely with stage of development and 
sugar accumulation in roots (Franz et ah, 1985). Results of a study 
carried out on cultivated plants indicated high amounts of genti¬ 
opicroside and amarogentin in the one-year roots, and a decrease 
in roots cultivated for 5 years (Hayashi, Minamiyama, Miura, 
Yamagishi, & Kaneshina, 1990). In contrast, xanthone levels did 
not change significantly with either altitude or age of roots; a max¬ 
imum xanthone level was observed during the flowering period 
and a minimum one during the non-vegetative period (Rossetti 
et ah, 1984; Verney, Ozenda, & Debelmas, 1972). 
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Numerous pharmacological effects have been attributed to the 
bitter tasting secoiridoids of G. lutea, among them stomachic, 
digestive, cholagogic, hepatoprotective, and wound-healing activi¬ 
ties (European Medicines Agency, 2009; Newall, Anderson, & 
Phillipson, 1996; Ozturk, Korkmaz, Ozturk, & Baser, 2006). 
Secoiridoids, iridoids and xanthones are the main active constitu¬ 
ents of the Gentian plant, but the secoiridoids (gentiopicroside, 
amarogentin, swertiamarin and sweroside) are the most important 
because they are responsible for the bitter taste of the plant and 
bring about a reflex excitation of the taste receptors that increases 
secretion of saliva and digestive juices and consequently stimu¬ 
lates the appetite and improves digestion (European Medicines 
Agency, 2009; Kusar, Sircelj, & Baricevic, 2010). Single constituents 
have been identified as active principles. For example, loganic acid 
showed anti-inflammatory activity (Recio, Giner, Manez, & Rios, 
1994) and isogentisin revealed potent MAO inhibition (Haraguchi 
et al., 2004; Suzuku et al., 1978). Also, G. lutea extracts showed 
antioxidant and anti-inflammatory activities (Mathew, Taranalli, 
& Torgal, 2004; Nastasijevic et al., 2012). 

Analysis of some components of G. lutea roots by HPLC has been 
described in a number of publications (Arino, Arberas, Leiton, 
Renobales, & Dominguez, 1997; Carnat et al., 2005; Chen, Zhang, 
Guan, & Yu, 2004; Chueh, Chen, Sagare, & Tsay, 2001; Jiang et al., 
2005; Szucs, Danos, & Nyiredy, 2002; Yang et al., 2009). Only two 
reports described the simultaneous quantitative determination of 
secoiridoids, iridoids and xanthones, and they only examined 
commercial gentian root samples by HPLC/DAD, using HPLC/MS 
only for identification, and not for quantitation (Aberham, Pieri, 
Croom, Ellmerer, & Stuppner, 2011; Aberham, Schwaiger, 
Stuppner, & Ganzera, 2007). 

The aim of the present work was to develop a new fully vali¬ 
dated HPLC/ESI-MS method for the simultaneous determination 
of iridoids, secoiridoids and xanthones in G. lutea samples that 
were cultivated for the first time in the Monti Sibillini National 
Park (Italy), collected wild in the March-Umbria area, or bought 
in herbal shops, and to evaluate the quality of the G. lutea L. 
cultivated in the Park. To our knowledge, this is the first time that 
HPLC/ESI-MS was used for simultaneous quantification of these 
compounds in G. lutea. 


2. Experimental 

2.3. Plant Materials 

The roots of G. lutea L. that were cultivated for 4 years in the 
Monti Sibillini National Park (Italy) were collected in Pian Perduto 
(1334 m, Castel Sant’Angelo sul Nera, Macerata, 1334 m a.s.l., sam¬ 
ples GL-1 and GL-2) at the end of October 2013. Wild roots of G. 
lutea subsp. symphyandra were collected in the same period in five 
different localities of the Park at different altitudes ranging from 
1277 m to 1520 m as follows: Pian Grande (1277 m a.s.l., N 
42°47'23" E 13 C 11'03", Norcia, Perugia, samples GL-3 and GL-4), 
Santa Maria Maddalena (1285 m a.s.l., N 43°02'18" E 13°13'00", 
Acquacanina, Macerata, samples GL-5 and GL-6), Pian Perduto 
(1334 m a.s.l., N 42°50'25" E 13°12'06", Castel Sant’Angelo sul 
Nera, Macerata, samples GL-7 and GL-8), Prati di Ragnolo 
(1511 m a.s.l., N 43°00'58" E 13°13'71", Bolognola, Macerata, sam¬ 
ples GL-9 and GL-10), and Pizzo Tre Vescovi (1520 m a.s.l., N 
42°58'07" E 13°14'10, Bolognola, Macerata, samples GL-11 and 
GL-12). For each locality, samples were from two different individ¬ 
uals. Plant samples were botanically confirmed by Dr. Filippo 
Maggi, and the voucher specimens deposited in the Herbarium 
Universitatis Camerinensis of School of Biosciences and Veterinary 
Medicine (University of Camerino, Italy). Root samples were 
cleaned and cut into small pieces, then dried using an electric oven 


at 45 °C for 6 days in a process termed artificial drying. The com¬ 
mercial roots were either kindly provided by the Varnelli S.p.A. 
company (Marche, Italy, samples GL-13 and GL-14) or purchased 
from herbal shops in Camerino (Marche, Italy, samples GL-15 and 
GL-16), Foggia (Puglia, Italy, sample GL-17), Castelraimondo (Mar¬ 
che, Italy, sample GL-18), Matelica (Marche, Italy, sample GL-19) 
and Ascoli Piceno (Marche, Italy, sample GL-20). 

2.2. Chemicals 

All the chemicals used were of HPLC or analytical grade. The 
analytical standards of loganic acid, swertiamarin, sweroside, gen¬ 
tiopicroside, amarogentin and isogentisin were purchased from 
PhytoLab (Germany). The purity of all standard compounds was 
>97% (determined by HPLC). HPLC-grade acetonitrile (>99.9) 
and formic acid were purchased from Sigma-Aldrich (Milan, Italy). 
Deionised water (>18-M£2 cm resistivity) was obtained from a 
Milli-Q SP Reagent Water System (Millipore, Bedford, MA, USA). 
All solvents and solutions were filtered before HPLC analysis 
through 0.45-pm PTFE filters purchased from Phenomenex (Bolo¬ 
gna, Italy). 

2.3. HPLC sample preparation 

The artificially dried roots were ground using an electric mill 
with a 2 mm pore size. The finely powdered root material 
(10 mg) was extracted with 10 ml methanol by sonication 
(45 min, at room temperature) by obtaining a drug/extract ratio 
of 35.2% (w/w). After centrifugation at 5000 rpm for 10 min with 
a Thermo Scientific 1EC CLIO Centrifuge from Thermo Electron 
Industries SAS (Chateau-Gontier, France), the extracts were trans¬ 
ferred to a 10 ml volumetric flask, which was then filled up to 
the final volume with extraction solvent. The sample solutions 
were filtered through a 0.45 pm pore size nylon membrane filter 
(Phenex, Phenomenex, Torrance, CA, USA) before injection into 
the HPLC. All samples were stored in a refrigerator at the temper¬ 
ature of 4 °C until analysis. Each sample was analysed in triplicate. 

2.4. Instruments and conditions 

HPLC/DAD and HPLC/ESI-MS (ion trap) studies were performed 
using an Agilent 1100 (Santa Clara, CA, USA) series instrument, 
made from an autosampler, a binary solvent pump, with a 
diode-array detector (DAD) and a mass spectrometer detector 
(MSD) Trap SL equipped with an electrospray ionisation (ESI) inter¬ 
face operating in negative ionisation (NI) mode. The separation 
was achieved on a Synergi Polar-RP C18 (4.6 mm x 150 mm, 
4 pm) analytical column from Phenomenex (Chesire, UK). The col¬ 
umn was preceded by a Polar RP security guard cartridge 
(4 mm x 3 mm ID). The mobile phase for HPLC/DAD and HPLC/ 
ES1-MS analyses was aqueous-formic acid (99.9-0.1%) (A) and ace¬ 
tonitrile (B) working in the gradient mode at a flow rate of 
0.6 ml min -1 . The solvent composition varied as follows: 0- 
7 min, 20% B; 7-15 min, 20-90% B; 15-18 min, 90% B; 18- 
25 min, 90-20% B. The column temperature was set at 11 °C and 
the injection volume was 10 pi. 

HPLC/DAD analysis was performed monitoring four different 
wavelengths: 232 for loganic acid, swertiamarin and amarogentin; 
246 nm for sweroside; 258 nm for isogentisin and 275 nm for 
gentiopicroside. 

In HPLC/ESI-MS, the column outlet was connected to the elec¬ 
trospray sample inlet. The electrospray (ESI) source operated in 
negative ionisation (Nl) mode. Optimisation of the HPLC/ESI-MS 
conditions was carried out by flow injection analysis (FIA) of the 
analytes (10 pi of a 50pgml -1 individual standard solutions). 
The optimum ESI interface conditions were as follows: vaporizer 
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temperature, 325 °C; nebulizer gas (nitrogen) pressure, 50 psi; dry¬ 
ing gas (nitrogen) flow rate, 11 ml min -1 ; temperature, 350 °C; and 
capillary voltage, 3500 V. Mass scan range was set in the range of 
m/z 100-1000. Extract ion chromatograms (EIC) from total ion 
chromatograms (TIC) were used for the analysis. 

2.5. Multivariate analysis 

To reveal the relationship among different gentian samples 
according to compositions of secondary metabolites, and to iden¬ 
tify the main constituents influencing variability, the composition 
data matrix of twenty samples (6 variables x 20 samples = 120 
data) was analysed using principal component analysis (PCA) with 
STATISTICA 7.1 (Stat Soft Italia srl, 2005, www.statsoft.it). Eigen¬ 
values were calculated using a covariance matrix among 6 chemi¬ 
cal compounds as input, and the two-dimensional PCA biplot, 
including both samples of different origin and compounds, was 
generated. 

3. Results and discussion 

3.1. Optimisation of chromatographic conditions 

3.1.1. HPLC/DAD 

The selection of the chromatographic conditions was guided by 
the need to obtain chromatograms with the best resolution of adja¬ 
cent peaks in a short time of analysis. In the current study, different 
detection wavelengths (A = 232, 246, 258 and 275 nm) were used 
to monitor all compounds simultaneously in a single run to pro¬ 
vide sufficient sensitivity for each analyte. The compounds in the 
samples were identified by comparing both retention times and 
UV spectra with those of the authentic standards. In focusing on 
the analysis of iridoids (loganic acid), secoiridoids (swertiamarin, 
sweroside, gentiopicroside, amarogentin) and xanthones (isogenti- 
sin) in G. lutea, we encountered difficulties caused by the wide 
polarity range of the analytes of interest by the very close struc¬ 
tural resemblance among some of the compounds (Fig. 1). After 
trying different organic solvents such as methanol and acetonitrile, 
with aqueous formic acid solution, it was found that the mixture of 


aqueous formic acid solution (99.9-0.1%) and acetonitrile was an 
ideal mobile phase for the analysis and separation (see chromato¬ 
gram Fig. 2A). An aqueous acetic acid solution (99.9-0.1%) and 
ammonium formate buffer with acetonitrile also showed good 
results, though not as good as those yielded by the aqueous formic 
acid solution (99.9-0.1%). We studied the effect of column temper¬ 
ature, examining room temperature, 30, 15 and 11 °C, and found 
that at room temperature and 30 °C, the peaks of sweroside and 
gentiopicroside were totally coeluted; at 15 °C, the column demon¬ 
strated a partial coelution of the same two peaks, but when the col¬ 
umn temperature was kept at 11 °C, all peaks were well separated. 
The flow rates of 0.5, 0.6 and 0.7 ml/min were tested, with the flow 
rate of 0.6 ml/min showing the best separation. Moreover, consid¬ 
ering the different and wide degrees of polarity of the 6 standards, 
gradient elution was used to achieve better separation. Under the 
optimum gradient conditions (0-7 min, 20% B; 7-15 min, 20-90% 
B; 15-18 min, 90% B; 18-25 min, 90-20% B), the baseline separa¬ 
tion of the peaks of these 6 compounds was achieved. Other gradi¬ 
ent conditions caused poor separation of some peaks, especially 
sweroside and gentiopicroside, or extended the run time. 

3.1.2. HPLC/ESI-MS 

The HPLC/ESI-MS (ion trap mass spectrometer) experiments 
used the same chromatographic conditions chosen for HPLC/DAD 
analyses. 

The HPLC/ESI-MS analysis was performed in Scan, and for opti¬ 
mum MS results, ionisation was performed in negative ESI mode. 
In this experiment, the deprotonated molecular ions [M-H] - of 
loganic acid, amarogentin and isogentisin at m/z 375, 585 and 
257, respectively and the [M+HCOOH-H] - ions of swertiamarin, 
sweroside and gentiopicroside at m/z 419, 403 and 401, respec¬ 
tively, were chosen as the quantitative analysis ions through EIC 
from the TIC chromatogram. These distinct adducts or quasi- 
molecular ions were the base peak for the analysed compounds, 
and were in good agreement with the reported data (Aberham 
et al„ 2007; Szucs et al., 2002). In HPLC/ESI-MS spectra, the molec¬ 
ular ion of each compound was well matched with chemical struc¬ 
tures. Fig. 2 depicts the HPLC/ESI-MS (Scan) chromatograms of the 
standard mixture of the analysed compounds at a concentration of 





Fig. 1. Chemical structures of the monitored compounds. 
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Fig. 2. HPLC/DAD and LC/ESI-MS (Scan) chromatograms: (A) HPLC/DAD chromatogram of standard mixture at 258 nm (25 pg/ml); (B) LC/ESI-MS chromatogram of standard 
mixture at (5 pg/ml); (C) LC/ESI-MS chromatogram of cultivated G. lutea L. sample GL-1. 


5 pg/ml (Fig. 2B) and a cultivated gentian sample (Fig. 2C) (both 
total ion current (TIC) and extracted ion current (EIC) chromato¬ 
grams) in the negative ESI-MS mode. 

3.2. In-house method validation 

3.2.1. HPLC/DAD 

After optimising the chromatographic conditions, the HPLC/DAD 
method was validated in terms of precision, accuracy, linearity, lim¬ 
its of detection (LODs) and limits of quantification (LOQs) (Table 1 ). 
The intra-day precision of the HPLC/DAD method was validated 


with the injection of the standard mixture solution under the 
selected optimal conditions five times a day. For inter-day preci¬ 
sion, measurements were conducted once a day on three consecu¬ 
tive days. All of the precision measurements were expressed as 
relative standard deviations (RSDs) and ranged from 0.23 to 1.43; 
the precision and the repeatability of the concentration proved to 
be very good. Accuracy was determined by spiking sample GL-9 
(Fargno) with three concentrations of standard compounds (low, 
medium, high spike). For this purpose, known amounts of the stan¬ 
dard mixture solution were added to the dry, powdered plant mate¬ 
rial, which was then extracted and assayed as described before. The 
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Table 1 

Concentration range, linearity (Correlation coefficient; R 2 ), Limits of detection (LODs), Limits of quantification (LOQs) of the six analysed compounds by HPLC/DAD and LC/ES1-MS 
(relative standard deviation RDS% are given in parenthesis). 


HPLC/DAD LC/ESI-MS (ion trap) 


Name 

Cone, 
range (pg/ 
ml) 8 
points 

R 2 

LOD 

(Pg / 
ml) 

LOQ 

(Pg / 
ml) 

Recovery % (n = 3) 



R 2 

LOD 

(Pg / 
ml) 

LOQ 

(Pg / 
ml) 

Recovery % (n = 3) 


Level of 
spiking 

0.5 pg/ml 

Level of 
spiking 

1 pg/ml 

Level of 
spiking 

5 pg/ml 

Cone, 
range (pg/ 
ml) 5 
points 

Level of 
spiking 

0.5 pg/ml 

Level of 
spiking 

1 pg/ml 

Level of 
spiking 

5 pg/ml 

Loganic acid 

0.5-100 

0.9997 

0.25 

0.75 

104.67 

100.87 

100.61 

0.1-10 

0.9996 

0.025 

0.075 

99.09 

94.85 

92.61 






(1.93) 

(2.56) 

(0.38) 





(2.72) 

(4.36) 

(4.57) 

Swertiamarin 

0.5-100 

0.9999 

0.10 

0.30 

95.45 

95.06 

99.30 

0.1-10 

0.9998 

0.025 

0.075 

101.86 

105.16 

93.98 






(4.76) 

(3.77) 

(0.88) 





(3.52) 

(4.47) 

(3.69) 

Sweroside 

0.5-100 

0.9998 

0.10 

0.30 

95.76 

104.76 

101.06 

0.1-10 

0.9994 

0.025 

0.075 

105.15 

96.68 

94.51 






(4.77) 

(2.92) 

(0.78) 





(1.80) 

(5.43) 

(3.81) 

Gentiopicroside 

0.5-100 

0.9999 

0.10 

0.30 

105.28 

94.69 

95.63 

0.1-10 

0.9998 

0.025 

0.075 

104.93 

104.70 

107.48 






(4.35) 

(4.45) 

(4.29) 





(5.30) 

(5.62) 

(1.28) 

Amarogentin 

0.5-100 

0.9999 

0.02 

0.05 

101.11 

95.68 

97.28 

0.1-10 

0.9996 

0.01 

0.03 

95.70 

94.11 

92.58 






(1.44) 

(1.80) 

(1.07) 





(3.79) 

(4.79) 

(1.72) 

Isogentisin 

0.5-100 

1 

0.02 

0.05 

97.84 

99.37 

100.41 

0.1-5 

0.9992 

0.01 

0.03 

94.89 

93.11 

92.09 






(2.02) 

(0.92) 

(0.26) 





(4.12) 

(5.04) 

(1.84) 


LOD (limit of detection) = 3 x signal-to-noise (S/N) ratio. 
LOQ (limit of quantitation) = 10 x signal-to-noise (S/N) ratio. 


Table 2 

Quantitative determination of the analysed compounds in 20 Centiana lutea L. samples (pg/rnl and percent %) by LC/ESI-MS; relative standard deviations were in a range from 0.02 
to 5.46 (n = 3). 


Compound sample 

Loganic acid 


Swertiamarin 


Sweroside 


Gentiopicroside 

Amarogentin 

Isogentisin 


Pg/ml 

% 

Pg/ml 

% 

Pg/ml 

% 

pg/ml 

% 

Pg/ml 

% 

Pg/ml 

% 

GL-1 

13012.73 

1.30 

2548.76 

0.25 

1528.59 

0.15 

35278.83 

3.53 

740.84 

0.07 

1795.98 

0.18 

GL-2 

11548.46 

1.15 

2444.14 

0.24 

1484.69 

0.15 

33052.33 

3.31 

690.60 

0.07 

1526.48 

0.15 

GL-3 

1998.46 

0.20 

1923.72 

0.19 

1270.49 

0.13 

23580.20 

2.36 

202.64 

0.02 

4298.19 

0.43 

GL-4 

1793.74 

0.18 

1907.33 

0.19 

1132.42 

0.11 

23023.45 

2.30 

207.12 

0.02 

4323.97 

0.43 

GL-5 

2050.94 

0.21 

2217.90 

0.22 

790.35 

0.08 

35235.88 

3.52 

99.09 

0.01 

3100.83 

0.31 

GL-6 

2011.51 

0.20 

2216.79 

0.22 

820.70 

0.08 

35624.00 

3.56 

96.54 

0.01 

2822.02 

0.28 

GL-7 

3486.98 

0.35 

2509.97 

0.25 

3492.65 

0.35 

32153.80 

3.22 

175.33 

0.02 

4622.47 

0.46 

GL-8 

3242.71 

0.32 

2431.89 

0.24 

2903.58 

0.29 

31205.43 

3.12 

209.54 

0.02 

4843.27 

0.48 

GL-9 

3578.69 

0.36 

2481.48 

0.25 

1076.76 

0.11 

38587.03 

3.86 

145.45 

0.01 

2424.49 

0.24 

GL-10 

3140.74 

0.31 

2213.01 

0.22 

1130.24 

0.11 

37656.15 

3.77 

136.82 

0.01 

2113.39 

0.21 

GL-11 

2163.60 

0.22 

2969.69 

0.30 

1704.69 

0.17 

39676.10 

3.97 

342.81 

0.03 

1064.47 

0.11 

GL-12 

1964.03 

0.20 

2847.49 

0.28 

1758.35 

0.18 

38615.25 

3.86 

272.77 

0.03 

827.14 

0.08 

GL-13 

1258.38 

0.13 

2128.50 

0.21 

2946.04 

0.29 

27479.14 

2.75 

92.04 

0.01 

382.50 

0.04 

GL-14 

1059.01 

0.11 

2148.13 

0.21 

2997.85 

0.30 

27238.09 

2.72 

112.24 

0.01 

349.87 

0.03 

GL-15 

3256.77 

0.33 

1902.25 

0.19 

2384.01 

0.24 

23904.31 

2.39 

168.00 

0.02 

1603.83 

0.16 

GL-16 

2822.50 

0.28 

1855.30 

0.19 

2669.17 

0.27 

23956.49 

2.40 

160.49 

0.02 

1537.79 

0.15 

GL-17 

1548.34 

0.15 

807.83 

0.08 

940.84 

0.09 

18463.85 

1.85 

220.08 

0.02 

2819.72 

0.28 

GL-18 

4467.81 

0.45 

2056.78 

0.21 

919.54 

0.09 

25939.55 

2.59 

271.18 

0.03 

2329.20 

0.23 

GL-19 

2248.12 

0.22 

1870.38 

0.19 

460.37 

0.05 

19707.66 

1.97 

158.82 

0.02 

1837.87 

0.18 

GL-20 

4402.56 

0.44 

2259.61 

0.23 

1775.08 

0.18 

25768.45 

2.58 

249.93 

0.02 

1523.53 

0.15 


GL-1 (Cultivated, Pian Perduto); GL-2 (Cultivated, Pian Perduto); GL-3 (wild, Pian Grande); GL-4 (wild, Pian Grande); GL-5 (wild, Santa Maria Maddalena); GL-6 (wild, Santa 
Maria Maddalena); GL-7 (wild, Pian Perduto); GL-8 (wild, Pian Perduto); GL-9 (wild, Prati di Ragnolo); GL-10 (wild, Prati di Ragnolo); GL-11 (wild, Fargno); GL-12 (wild, 
Fargno); GL-13 (commercial, Varnelli company); GL-14 (commercial, Varnelli company); GL-15 (commercial, Camerino); GL-16 (commercial, Camerino); GL-17 (commercial, 
Foggia); GL-18 (commercial, Castelraimondo); GL-19 (commercial, Matelica); GL-20 (commercial, Ascoli Piceno). 


percent of recovery was evaluated by calculating the ratio of 
detected amount versus the added amount; the mean recovery of 
each compound is shown in Table 1. Calibration curves were 
constructed by injecting standard mixture solutions at the eight 
concentrations of 0.5, 1,5, 10, 25, 50, 75 and 100 pg/mi. The LODs 
and LOQs were obtained by injecting serial dilutions of the corre¬ 
sponding standard solutions, taking the signal-to-noise (S/N) ratio 
of 3 and 10 as criteria, respectively. The method revealed good pre¬ 
cision with inter and intra-day variations where RSD (%) ranged 
from 0.24 to 1.43 and 0.23 to 1.23, respectively. The LODs ranged 
from 0.02 to 0.25 pg/ml, while the LOQs were defined in the range 
of 0.05 to 0.75 pg/ml. The six analytes demonstrated good linearity 
( R 2 > 0.9997) in a wide concentration range. The influence of the 
matrix on the analytes quantification was evaluated, but no 
significant matrix effect was observed for each molecule. 


3.2.2. HPLC/ESI-MS 

HPLC/ESI-MS method was also fully validated in terms of preci¬ 
sion, accuracy, linearity, limits of detection (LODs) and limits of 
quantification (LOQs) as described above for the HPLC/DAD 
method (Table 1). The method showed good precision, demon¬ 
strated by the RSD (%) of the inter and intra-day studies, which ran¬ 
ged from 1.41 to 4.80 and 2.97 to 4.61, respectively. The percent of 
recovery in spiking study (Table 1 ) was within the accepted limits, 
indicating good accuracy of the method, and all the analytes dem¬ 
onstrated good linearity (R 2 > 0.9992). The HPLC/ESI-MS method 
was more sensitive, as LODs and LOQs ranged from 0.01 to 
0.025 pg/ml and 0.03 to 0.075 pg/ml, respectively, which are lower 
than the corresponding values of HPLC/DAD. For these reasons we 
decided to apply HPLC/ESI-MS method for the subsequent 
quantitative analysis of the gentian samples. The calibration ranges 
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Fig. 3. Schematic diagram representing concentrations of loganic acid, swertiamarin, sweroside, gentiopicroside, amarogentin and isogentisin in different Gentiana lutea L. 
samples. 


adequately covered the variations in the amounts of the standards 
in the samples during analysis. 

3.3. Application of the HPLC/ESI-MS method to gentian samples 

Since the chromatographic peaks could not be identified unam¬ 
biguously only by retention time and UV spectra in HPLC, we used 
HPLC/ESI-MS as a supplement not only for confirmation of peak 
identification, by comparing the retention time and molecular 
ion or mass spectra, but also for quantification, by comparing the 
peak areas of the compounds identified with those of the standards 
in EIC (Table 2). In this study, the HPLC/ESI-MS method we devel¬ 
oped was successfully applied to analyse 20 samples of C. lutea. for 


their quantity of the analysed compounds. The highest content 
secoiridoid in the Gentian plant is gentiopicroside, with bitterness 
value of 12,000, while the lowest content secoiridoid, amarogentin, 
has a bitterness value of 58,000,000. In fact, amarogentin is consid¬ 
ered the most bitter substance known to man and is used in soft 
drinks as an alternative bittering agent to quinine, which has a bit¬ 
terness value of only 200,000 (Capasso, Gaginella, Grandolini, & 
Izzo, 2003; European Medicines Agency, 2009; Keil, Hartle, 
Guillaume, & Psiorz, 2000). Also, secoiridoid glycosides contribute 
to the gastroprotective effects of Gentian root on gastric lesions, as 
these glycosides are associated with enhanced mucosal defensive 
factors via the prostaglandin pathway in the cell membrane 
(Niiho et al„ 2006). Loganic acid (iridoids) and isogentisin 
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Fig. 4. (A) Score plot (PCA) for main variation of Gentiana lutea L. samples. (B) The PCA loading plot for contents of the analysed compounds. 


(xanthones) are also biologically active as anti-inflammatory and 
potent MAO inhibitor, respectively. 

The analysed samples showed a content of gentiopicroside, the 
major bitter principle of the gentian plant, that ranged from 1.85% 
to 3.97% (Table 2, Fig. 3), with the highest quantity (3.97%) 
observed in GL-11 (wild) and the lowest (1.85%) in GL-17 (com¬ 
mercial). Gentiopicroside was present at high percentages in sam¬ 
ples GL-1, GL-4, GL-5, GL-6, GL-9, GL-10, GL-11, GL-12. The levels 
of the bitterest natural product identified to date, amarogentin, 
ranged from 0.01% to 0.07%, with the highest content (0.07%) 
observed in GL-1 (cultivated) and the lowest (0.01%) in GL-13 
(commercial). The contents of swertiamarin and sweroside ranged 
from 0.08% to 0.30% and 0.05% to 0.35%, respectively. Loganic acid 
showed a high percentage (1.30%) in cultivated samples (GL-1, GL- 
2) compared to wild and commercial samples, more than the per¬ 
centage reported in literature (Aberham et al., 2011, 2007). The 
levels of isogentisin ranged from 0.03% to 0.48%. According to the 
results we obtained, the cultivated samples (GL-1, GL-2) were the 
richest ones in loganic acid and amarogentin and contained high 
percentages of gentiopicroside, quite close to wild samples. This 
indicates that the G. lutea cultivated in the Monti Sibillini National 
Park (Italy) for the first time is an excellent source for production of 
high quality plant material. Fig. 3 represents concentrations of 
loganic acid, swertiamarin, sweroside, gentiopicroside, amarogen¬ 
tin and isogentisin in different G. lutea samples. 

Finally, analysis of twenty samples of cultivated, wild and 
commercial G. lutea L. showed that gentiopicroside is the most 
dominant compound (1.85-3.97%), followed by loganic acid 
(0.11-1.30%), isogentisin (0.03-0.48%), sweroside (0.05-0.35%), 
swertiamarin (0.08-0.30%), and finally amarogentin (0.01-0.07%). 
These results are in a good agreement with the reported data 
(Aberham et al., 2011, 2007; Yang et al., 2009). The differences in 
the content of constituents between cultivated and wild samples 
could be due to the different altitudes at which they were col¬ 
lected, while in the case of commercial samples the provenience 
and the methods of drying and handling could be responsible for 
the differences of concentration. 

3.4. Principal component analysis (PCA) 

The PCA made it possible to differentiate the 20 samples of G. 
lutea on the basis of their content of secondary metabolites. The 
2D graphical representation of principal-component analysis is 
shown in Fig. 4, and represents 95.4% of the total variance in the 
data set. The variability of data was generated mostly by the 


content of gentiopicroside (values of eigenvectors: -0.66; -0.04) 
in the first PC and by loganic acid (values of eigenvectors: -0.09; 
0.29) in the second PC. Samples on the lower left hand side of 
the PCA score plot (Fig. 4A) came from wild populations (apart 
from samples W1 and W2) which are characterised by high levels 
of gentiopicroside (Fig. 4B). Samples on the top left hand side 
(Fig. 4A) came from experimental cultivations, which were charac¬ 
terised by high levels of loganic acid and, to a lesser extent, by gen¬ 
tiopicroside (Fig. 4B). Finally, samples on the middle right hand 
side of the PCA score plot (Fig. 4A) were purchased commercially, 
and correlated to the other secondaiy metabolites such as amaro¬ 
gentin, swertiamarin, sweroside and isogentisin. In conclusion, the 
variability found in the data matrix seems to be correlated to the 
different origin of the samples. The high content of gentiopicroside 
appears to be characteristic of wild-type roots; high levels of 
loganic acid and gentiopicroside characterised cultivated samples. 
Finally the commercial samples seem to be characterised by lower 
levels of loganic acid and gentiopicroside. 

4. Conclusions 

The present work is the first report of an accurate, fast and reli¬ 
able analytical method for the simultaneous quantitation of irid- 
oids (loganic acid), secoiridoids (gentiopicroside, sweroside, 
swertiamarin, amarogentin) and xanthones (isogentisin) in differ¬ 
ent populations of cultivated, wild and commercial G. lutea by 
HPLC/ESI-MS. This method is fully validated and offers good linear¬ 
ity, accuracy, repeatability and precision, and thus the HPLC/ESI- 
MS under our experimental conditions represents a valuable 
method for the qualitative and quantitative assay of the most 
important components of G. lutea This new method should prove 
useful and reliable for quality control of the G. lutea plant and its 
related products. The HPLC results and follow-up PCA analysis con¬ 
firmed that the G. lutea we have cultivated for the first time in the 
Monti Sibillini National Park (Italy) could be an excellent source for 
production of high quality plant material due to its high contents 
of the analysed compounds, compared to wild and commercial 
samples. 

Conflict of interest 

None of the authors has any conflict of interests that could 
affect the performance of the work or the interpretation of the 
data. 








AM. Mustafa et al./Food Chemistry 174 (2015) 426-433 


433 


References 

Aberham, A., Pieri, V., Croom, E. M., Jr., Ellmerer, E., & Stuppner, H. (2011). Analysis 
of iridoids, secoiridoids and xanthones in Centaurium erythraea, Frasera 
caroliniensis and Gentiana lutea using LC-MS and RP-HPLC. Journal of 
Pharmaceutical and Biomedical Analysis, 54, 517-525. 

Aberham, A., Schwaiger, S., Stuppner, H., & Ganzera, M. (2007). Quantitative analysis 
of iridoids, secoiridoids, xanthones and xanthone glycosides in Gentiana lutea L. 
roots by RP-HPLC and LC-MS. Journal of Pharmaceutical and Biomedical Analysis, 
45, 437-442. 

Ando, H., Hirai, Y., Fujii, M., Hori, Y., Fukumura, M., Niiho, Y., et al. (2007). The 
chemical constituents of fresh Gentian Root .Journal of Natural Medicines, 61, 
269-279. 

Arino, A., Arberas, I., Leiton, M. J., Renobales, M., & Dominguez, J. B. (1997). The 
extraction of yellow gentian root ( Gentiana lutea L.). Zeitschrift fur Lebensmittel- 
Untersuchung und -Forschung, 205, 295-299. 

Blaschek, W., Ebel, S., Hackenthal, E., Holzgrabe, U., Keller, K., Reichling, J., et al. 
(2006). Hagers Handbuch Der Drogen Und Arzneistoffe: Gentianae radix 
(Enzianwurzel). HagerROM. Heidelberg: Springer Medizin Verlag. 

Capasso, F., Gaginella, T., Grandolini, G., & Izzo, A. (2003). Phytotherapy: A quick 
reference to herbal medicine. Germany: Springer Verlag (pp. 265-266). 

Carnat, A., Fraisse, D., Carnat, A. P., Felgines, C., Chaud, D., & Lamaison, J. L. (2005). 
Influence of drying mode on iridoid bitter constituent levels in gentian root. 
Journal of the Science of Food and Agriculture, 85, 598-602. 

Chen, W., Zhang, S., Guan, C., & Yu, P. (2004). Determination of gentiopicroside in 
gentian by high-performance liquid chromatography. Zhongguo Yixue Jianyan 
Zazhi, 5, 246-247. 

Chueh, F. S., Chen, C. C., Sagare, A. P., & Tsay, H. S. (2001). Quantitative 
determination of secoiridoid glucosides in in vitro propagated plants of 
Gentiana davidii var. formosana by high performance liquid chromatography. 
Planta Medica, 67, 70-73. 

European Medicines Agency (EMA). (2009). Assessment report on Gentiana lutea L. 
radix. Doc. Ref.: EMA/HMPC/578322/2008. 

Franz, C., Franz, G., Fritz, D., & Schultze, J. (1985). Seasonal variations in the content 
of bitter substances and soluble sugars in Gentiana lutea L. Scientia 
Pharmaceutica, 53, 31-38. 

Franz, C., & Fritz, D. (1975). Cultivation of Gentiana lutea and main substances of 
some ecotypes. Planta Medica, 28, 289-300. 

Hansel, R., & Sticher, O. (2007). Pharmakognosie - Phytopharmazie (8 AufL). 
Heidelberg: Springer Medizin Verlag. 

Haraguchi, H., Tanaka, Y., Kabbash, A., Fujioka, T., Ishizu, T., & Yagi, A. (2004). 
Monoamine oxidase inhibitors from Gentiana lutea. Phytochemistry, 65, 
2255-2260. 

Hayashi, T., Minamiyama, Y., Miura, T., Yamagishi, T., & Kaneshina, H. (1990). 
Cultivation of Gentiana lutea and chemical evaluation of Gentiana radix. 
Hokkaidoritsu Eisei Kenkyushoho, 40, 103-106. 

Jiang, R. W., Wong, K. L., Chan, Y. M., Xu, H. X., But, P. P., & Shaw, P. C. (2005). 
Isolation of iridoid and secoiridoid glycosides and comparative study on Radix 
gentianae and related adulterants by HPLC analysis. Phytochemistry, 66, 
2674-2680. 

Keil, M., Hartle, B., Guillaume, A., & Psiorz, M. (2000). Production of amarogentin in 
root cultures of Swertia chirata. Planta Medica, 66, 452-457. 


Kusar, A., Sircelj, H., & Baricevic, D. (2010). Determination of seco-iridoid and 4- 
pyrone compounds in hydro-alcoholic extracts of Gentiana lutea L. subsp. 
symphyandra Murb. leaves and roots by using high performance liquid 
chromatography. Israel Journal of Plant Sciences, 58, 291-296. 

Mathew, A., Taranalli, A. D., & Torgal, S. S. (2004). Evaluation of anti-inflammatory 
and wound healing activity of Gentiana lutea rhizome extracts in animals. 
Pharmaceutical Biology, 42, 8-12. 

Mustafa, A. M., Ricciutelli, M., Maggi, F., Sagratini, G., Vittori, S., & Caprioli, G. (2014). 
Simultaneous determination of 18 bioactive compounds in Italian bitter 
liqueurs by reversed-phase high-performance liquid chromatography-diode 
array detection. Food Analytical Methods, 7, 697-705. 

Nastasijevic, B., Lazarevica-Pasti, T., Dimitrijevic-Brankovic, S., Pasti, I., Vujacica, A., 
Joksic, G., et al. (2012). Inhibition of myeloperoxidase and antioxidative activity 
of Gentiana lutea extracts. Journal of Pharmaceutical and Biomedical Analysis, 66, 
191-196. 

Newall, C. A., Anderson, L. A., & Phillipson, J. D. (1996). Herbal Medicines (1st ed.). 
London: The Pharmaceutical Press. 

Niiho, Y., Yamazaki, T., Nakajima, Y., Yamamoto, T., Ando, H., Hirai, Y., et al. (2006). 
Gastroprotective effects of bitter principles isolated from Gentian root and 
Swertia herb on experimentally-induced gastric lesions in rats. Journal of 
Natural Medicines, 60, 82-88. 

Ozturk, N., Korkmaz, S., Ozturk, Y., & Baser, K. H. C. (2006). Effects of gentiopicroside, 
sweroside and swertiamarine, secoiridoids from gentian (Gentiana lutea ssp. 
symphyandra), on cultured chicken embryonic fibroblasts. Planta Medica, 72, 
289-294. 

Recio, M. G, Giner, R. M., Manez, S., & Rios, J. L. (1994). Structural considerations on 
the iridoids as anti-inflammatory agents. Planta Medica, 60, 232-234. 

Rossetti, V., Lombard, A., Sancin, P., Buffa, M., & Borgarello, E. (1981). Seasonal 
variations in components of dried Gentiana lutea roots from the Western Alpine 
region. Quat Journal of Crude Drug Research, 19, 37-46. 

Rossetti, V., Lombard, A., Sancin, P., Buffa, M., & Menghini, A. (1984). Composition of 
Gentiana lutea L. dried roots harvested at different altitudes. Plantes medicinales 
et phytotherapie, 18, 15-23. 

Sancin, P„ Rossetti, V., Lombard, A., Buffa, M., & Lanzone, L. (1985). Composition of 
fluid extracts of Gentiana lutea L. roots harvested at different altitudes. Bollettino 
chimico farmaceutico, 124, 7-12. 

Schultze, J., & Franz, C. (1979). Sugars, bitter substances and essential oils of 
Gentiana lutea L. in dependance of ecotype, plant age and stage of development. 
Herba Hung, 18, 311-315. 

Suzuku, O., Katsumata, Y., Oya, M., Chari, V. M., Vermes, B., Wagner, H., et al. (1978). 
Inhibition of monoamine oxidase by isogentisin and its 3-oglucoside. 
Biochemical Pharmacology, 27, 2075-2078. 

Szucs, Z., Danos, B., & Nyiredy, S. (2002). Comparative analysis of the underground 
parts of gentiana species by HPLC with diode-array and mass spectrometric 
detection. Chromatographia Supplement, 56, 19-23. 

Verney, A. M., Ozenda, P., & Debelmas, A. M. (1972). Stability of xanthones in the 
rhizomes of Gentiana lutea during different stages of vegetation and at different 
altitudes. Bulletin des travaux de la Societe de pharmacie de Bordeaux, 16, 3-15. 

Yang, L., Wang, Y., Wang, L., Xiao, H., Wang, Z., & Hu, Z. (2009). Rapid quantification 
of iridoid glycosides analogues in the formulated Chinese medicine Longdan 
Xiegan Decoction using high-performance liquid chromatography coupled with 
mass spectromentry. Journal of Chromatography A, 1216, 2098-2103. 


